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(57) ABSTRACT

In order to enable the temperature in the region of at least one
of the cell terminals that are connected to one another in an
electrically conductive manner by a cell connector to be deter-
mined ina simple and reliable manner, there is proposed a cell
connector for connecting a first cell terminal of a first electro-
chemical cell and a second cell terminal of a second electro-
chemical cell of an electro-chemical device in an electrically
conductive manner which comprises a base body and a tem-
perature sensing element that is fixed to the base body.
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1
CELL CONNECTOR

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuation application of PCT/
EP2011/061768, filed on Jul. 11, 2011, which claims priority
to German Patent Application No. 102010031 380.7, filed on
Jul. 15, 2010, the entire specifications of which are incorpo-
rated herein by reference.

FIELD OF THE INVENTION

The present invention relates to a cell connector for con-
necting a first cell terminal of a first electro-chemical cell and
a second cell terminal of a second electro-chemical cell of an
electro-chemical device in an electrically conductive manner.

Such electro-chemical devices may be in the form of elec-
trical accumulators, particularly lithium ion accumulators for
example.

In a lithium ion accumulator, the voltage difference
between the two cell terminals (poles) of an individual accu-
mulator cell amounts to approximately 3.6 V. In order to
obtain a higher voltage level of e.g. approximately 360 V
which is necessary for many applications such as for automo-
bile propulsion systems for example, a plurality of such accu-
mulator cells (approximately 100 for example) have to be
connected electrically in series.

The accumulator cells or, more generally, the electro-
chemical cells can be combined into modules which each
contain a plurality of such electro-chemical cells, whereby
the direction in which adjacent cells are installed alternates so
that positive and negative cell terminals are located next to
each other in alternating manner.

These mutually adjacent cell terminals of opposite polarity
are connected directly together by means of a respective cell
connector so as to produce the series circuit of the cells.

Furthermore, in the case of an electro-chemical device and
especially an electrical accumulator, it is necessary to moni-
tor the temperature of the electro-chemical cells for system
control purposes and so as to ensure operational reliability.

BACKGROUND OF THE INVENTION

For this purpose, it is known to place a temperature mea-
suring element in contact with the outer casing of the electro-
chemical cell for which the temperature is to be determined.
Furthermore, it is known to sample the temperature indirectly
via a metallic temperature-transferring component on a
printed circuit board by means of an NTC element in the form
of a surface mounted device (SMD).

SUMMARY OF THE INVENTION

The object of the present invention is to enable the tem-
perature in the region of at least one of the cell terminals that
are connected together in an electrically conductive manner
by a cell connector to be determined in a simple and reliable
manner by means of a cell connector of the type specified
hereinabove.

In accordance with the invention, this object is achieved in
the case of a cell connector incorporating the features of the
preamble of claim 1 in that the cell connector comprises a
base body and atemperature sensing element which is fixed to
the base body.

Due to the fixing of the temperature sensing element or
temperature sensor to the base body of the cell connector, the
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2

temperature sensing element is located very close to the point
where the temperature is relevant, namely, very close to the
cell terminals of the electro-chemical cells that are connected
by the cell connector.

Preferably, the temperature sensing element is arranged
next to a cell terminal which forms a negative pole of the
electro-chemical cell concerned.

Due to the placement of the temperature sensing element at
arelevant point, the temperature of interest can be determined
with a very small tolerance window.

The difference between the temperature measured by the
temperature sensing element and the actual temperature of
the electro-chemical cell that is of interest is very small.

Furthermore, temperature variations can be determined
within very short response times due to the very small spacing
between the temperature sensing element and the adjacent
cell terminal of the electro-chemical cell.

In a preferred embodiment of the invention, provision is
made for the base body to comprise a holder for the tempera-
ture sensing element in which the temperature sensing ele-
ment is at least partly, but preferably substantially completely,
accommodated.

The temperature sensing element is prevented from move-
ment relative to the base body of the cell connector in at least
one or more directions by virtue of its form-fit with the tem-
perature sensing element holder.

In particular, provision may be made for the temperature
sensing element holder to surround the temperature sensing
element over at least half, preferably over at least approxi-
mately 75%, of the periphery of the temperature sensing
element.

It is expedient if, with respect to a central longitudinal axis
of the temperature sensing element, the temperature sensing
element holder extends around the temperature sensing ele-
ment over a peripheral angle of at least approximately 180°,
preferably of approximately 270°.

It is particularly expedient, if the temperature sensing ele-
ment holder is in the form of a substantially closed ring.

The fixation of the temperature sensing element by means
of'the temperature sensing element holder can be eftected by
shaping part of the base body of the cell connector so that this
fixation process is achieved by means of inherently necessary
components and no additional parts are needed.

In particular, provision may be made for the temperature
sensing element holder to comprise a preferably substantially
trough-shaped pocket for accommodating the temperature
sensing element and a flap for restraining the temperature
sensing element in the pocket.

The temperature sensing element can then be inserted into
the pocket whilst the flap is in an open position, and the
temperature sensing element holder can be subsequently
closed by moving the flap from the open position into a closed
position.

In connection therewith, it is expedient if the cell connector
has a stop which limits the path of the flap into the closed
position when closing the temperature sensing element
holder and thereby prevents the temperature sensing element
from being damaged.

In a special embodiment of the invention, provision is
made for the pocket and the flap to be formed together in one
piece manner.

Furthermore in this connection, provision is preferably
made for the pocket and the flap to be formed in one piece
manner with a contact region of the cell connector at which
the cell connector is connected (preferably by means of a
substance-to-substance bond) to a cell terminal of an electro-
chemical cell.
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If the contact region of the cell connector is formed in
multiple layers, then the pocket and the flap are preferably
connected in one piece manner to one of the layers of the
contact region of the cell connector.

In an alternative particular embodiment of the invention,
provision is made for the pocket to be formed in one piece
manner with a first layer of the base body and the flap to be
formed in one piece manner with a second layer of the base
body.

In this connection, apart from the first and the second layer,
the base body may comprise any desired number of further
layers.

In order to enable the flap to be easily moved from the open
position into the closed position, it is of advantage in each
case if the flap is connected by a web member to the pocket
and/or to a part of the base body of the cell connector and in
particular, to a contact region of the cell connector.

This web member is formed preferably such that it is nar-
rower than the pocket and/or narrower than the flap so that the
web member is more easily deformable than the pocket or the
flap.

In particular, provision may be made for the web member
to be bounded on at least one side by a recess which reduces
the extent of the web member.

Due to the form-fit between the temperature sensing ele-
ment and the temperature sensing element holder, the tem-
perature sensing element is prevented from shaking free when
the electro-chemical device is operative.

In order to additionally fix the temperature sensing element
to the temperature sensing element holder, it is of advantage
if the temperature sensing element is fixed to the temperature
sensing element holder by adhesion by an adhesive.

Such an adhesive preferably exhibits high thermal conduc-
tivity in order to ensure low contact resistance and good heat
transfer between the temperature sensing element holder and
the temperature sensing element.

Suitable heat-conductive adhesives are a two component
epoxy resin, an elastomer or a conductive synthetic material
for example.

As an alternative or in addition to the adhesion of the
temperature sensing element by an adhesive, provision may
also be made for a support (pad) as well as the temperature
sensing element to be arranged in the temperature sensing
element holder, whereby the temperature sensing element
adheres to the support and/or the support jams the tempera-
ture sensing element in the temperature sensing element
holder.

In particular, such a support can be resiliently and/or plas-
tically deformable.

In a particular embodiment of the invention, provision is
made for the temperature sensing element to be arranged at
least partly but preferably substantially completely in a tem-
perature sensing element housing which is fixed to the base
body of the cell connector.

In order to facilitate the fixing of the temperature sensing
element housing to the base body of the cell connector, pro-
vision may be made for the base body of the cell connector to
comprise a projection to which the temperature sensing ele-
ment housing is fixed.

Preferably, the temperature sensing element housing is
fixed to the base body of the cell connector by means of a
substance-to-substance bond.

In particular, provision may be made for the temperature
sensing element housing to be fixed to the base body by
welding, in particular by laser welding, by ultrasonic weld-
ing, by resistance welding or friction welding, by soldering
and/or by being adhered to the base body.
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In a preferred embodiment of the invention, provision is
made for the largest extent of the temperature sensing element
housing to be smaller than the largest extent of the base body
of the cell connector in a transverse direction of the cell
connector that runs perpendicularly to a plane which contains
the longitudinal axes of the two electro-chemical cells in the
installed state of the cell connector. It is thereby ensured that
the spacing of the temperature sensing element from the
relevant point of the cell connector or from the electro-chemi-
cal cells for which the temperature is to be determined is not
too large whereby the response time of the temperature sens-
ing element is kept small.

The temperature sensing element is preferably arranged at
an end region of the base body of the cell connector or adja-
cent to an end region of the base body of the cell connector.

If two cell terminals of different electrical polarity are
connected to one another by the cell connector, then the
temperature sensing element is preferably arranged such that
it is closer to the cell terminal of negative polarity than to the
cell terminal of positive polarity.

The temperature sensing element is preferably in the form
of an NTC element (“Negative Temperature Coefficient™;
NTC-thermistor), a PTC element (“Positive Temperature
Coefficient”; PTC-thermistor), another type of thermal ele-
ment or a Peltier element.

It is preferable for the base body of the cell connector (or,
in the case of a multi-layer base body, the layer or the layers
to which the temperature sensing element holder is con-
nected) to consist of aluminum, copper, tin, zinc, iron, gold,
silver and/or an alloy of one of the aforementioned metals.

Furthermore, the base body or the relevant layer of the base
body may comprise another metal, another metallic alloy, an
electrically conductive synthetic material and/or an electri-
cally conductive carbon material.

The cell connector with a temperature sensing element in
accordance with the invention is suitable in particular for use
in an electro-chemical device which comprises at least a first
electro-chemical cell having a first cell terminal, a second
electro-chemical cell having a second cell terminal and a cell
connector in accordance with the invention which connects
the first cell terminal and the second cell terminal to one
another in an electrically conductive manner.

Inparticular, such an electro-chemical device may be in the
form of an electrical accumulator such as a lithium ion accu-
mulator for example.

Preferably, such an electro-chemical device comprises an
evaluating circuit to which the temperature sensing element
of the cell connector is connected via at least one electrical
connection line.

If the electro-chemical device in accordance with the
invention is in the form of an accumulator, then it is suitable,
in particular, as a heavy duty energy source for powering
motor vehicles for example.

Further features and advantages of the invention form the
subject matter of the following description and the graphical
illustration of exemplary embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a schematic side view of a cell connector and
a part of the two electro-chemical cells which are connected
to one another by means of the cell connector, wherein the cell
connector comprises a base body and a temperature sensing
element which is fixed to the base body;

FIG. 2 a schematic side view of the cell connector depicted
in FIG. 1 without the electro-chemical cells that are con-
nected together by the cell connector;



US 9,105,949 B2

5

FIG. 3 a schematic plan view of the cell connector depicted
in FIGS. 1 and 2;

FIG. 4 a perspective illustration of a contact region of the
cell connector depicted in FIGS. 1 to 3 having a temperature
sensing element holder arranged thereon as viewed from a
side of the temperature sensing element holder remote from
the contact region;

FIG. 5 a perspective illustration of the contact region
depicted in FIG. 4 having the temperature sensing element
holder arranged thereon as viewed from the side of the tem-
perature sensing element holder facing the contact region;

FIG. 6 a perspective illustration of a contact region of a
second embodiment of a cell connector having a temperature
sensing element holder arranged thereon, wherein the cell
connector has a two-layered base body and the temperature
sensing element holder comprises a pocket arranged on a first
layer of the base body and a flap arranged on a second layer of
the base body, as viewed from a side of the temperature
sensing element holder remote from the contact region;

FIG. 7 a perspective illustration of the contact region with
the temperature sensing element holder depicted in FIG. 6 as
viewed from the side of the temperature sensing element
holder facing the contact region;

FIG. 8 a schematic plan view from above of the contact
region with the temperature sensing element holder depicted
in FIGS. 6 and 7,

FIG. 9 a schematic side view of the contact region with the
temperature sensing element holder depicted in FIGS. 6 to 8;

FIG. 10 a perspective illustration of a contact region of a
third embodiment of a cell connector with a temperature
sensing element arranged in a housing, wherein the housing is
fixed to a projection of the base body of the cell connector;

FIG. 11 a schematic plan view from above of the contact
region with the temperature sensing element housing
depicted in FIG. 10; and

FIG. 12 aschematic side view of the contact region with the
temperature sensing element housing depicted in FIGS. 10
and 11.

Similar or functionally equivalent elements are designated
by the same reference symbols in all of the Figures.

DETAILED DESCRIPTION OF THE INVENTION

An electro-chemical device bearing the general reference
100 comprises a plurality of (not shown) electro-chemical
modules for example, each of which comprises a plurality e.g.
eight, of electro-chemical cells 102 which are each accom-
modated in a holder of a (not shown) holding device of the
module.

Such a holding device can, in particular, be in the form of
a heat sink which is in heat conducting contact with the
electro-chemical cells accommodated therein in order to dis-
sipate the heat of the electro-chemical cells 102 during opera-
tion of the electro-chemical device 100.

The electro-chemical cells 102 are arranged and oriented in
the holding device surrounding them in such a way that the
axial directions 104 of the electro-chemical cells 102 which
run parallel to the central longitudinal axes 106 of the electro-
chemical cells 102 are aligned substantially in parallel with
each other.

Each of the electro-chemical cells 102 extends from a front
cell terminal 108 in the respective axial direction 104 up to a
(not shown) rear cell terminal, wherein each cell terminal
forms a positive pole or a negative pole of the electro-chemi-
cal cell 102 in each case.
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The central longitudinal axes 106 of the electro-chemical
cells 102 are at the same time the central longitudinal axes of
the cell terminals 108 of the respective electro-chemical cells
102.

Within a module, mutually adjacent electro-chemical cells
102 are each oriented in such a way that the cell terminals of
two adjacent cells 102a, 1025 that are arranged on the same
side of the module have mutually opposite polarities.

Thus, for example, in the cell arrangement shown in FIG. 1,
the front cell terminal 1084 of the electro-chemical cell 1024
forms a negative pole of the electro-chemical cell 102a con-
cerned, whilst the front cell terminal 1085 of the electro-
chemical cell 1025 adjacent to the electro-chemical cell 1024
in a connecting direction 110 forms a positive pole of the
electro-chemical cell 1025.

The electro-chemical device 100 can, in particular, be in
the form of an accumulator and in particular a lithium ion
accumulator of the type LiFePO, for example.

Accordingly, the electro-chemical cells 102 of the electro-
chemical modules can be in the form of accumulator cells, in
particular, lithium ion accumulator cells of the type LiFePO,
for example.

Furthermore, each electro-chemical module comprises a
plurality of cell connectors 112 by means of which the cell
terminals 108 of mutually adjacent electro-chemical cells 102
of different polarity are connected to one another in an elec-
trically conductive manner in order to connect all the electro-
chemical cells 102 of an electro-chemical module electrically
in series in this way.

In connection therewith, each cell connector 112 connects
a first cell terminal 1084 of negative polarity to a second cell
terminal 1085 of positive polarity of an adjacent electro-
chemical cell 102.

Apart from the front cell terminals 108 of mutually adja-
cent electro-chemical cells, the rear cell terminals of mutually
adjacent electro-chemical cells of a module are also con-
nected to one another by (not shown) cell connectors in order
to connect all the electro-chemical cells 102 of a module
electrically in series.

Each of the cell connectors 112, which each connect a first
cell terminal 108a and a second cell terminal 1085 to one
another in an electrically conductive manner, comprises a
base body 114 having a first contact region 116 which, in the
installed state of the cell connector 112, is connected to a
(negative for example) first cell terminal 1084 of an electro-
chemical cell 102, and a second contact region 118 which is
connected to a (positive for example) second cell terminal
1085 of another electro-chemical cell 1025 in the installed
state of the cell connector 112.

The base body 114 of the cell connector 112 is preferably
in the form of a stamped and bent component.

In particular, the base body 114 of the cell connector 112
can consist of aluminum, copper, tin, zinc, iron, gold or silver
or an alloy of one or more of the aforementioned metals.

Furthermore, the base body 114 of the cell connector 112
can also consist of another metal or of another metallic alloy.

Moreover, the base body 114 of the cell connector 112
could also be made from a conductive synthetic material
and/or from a conductive carbon material.

The first contact region 116 and the second contact region
118 of the cell connector 112 are preferably connected to the
respectively associated cell terminal 108a or 1085 by means
of a substance-to-substance bond.

In particular, such a substance-to-substance bond can be
produced by welding and in particular laser welding, or by
soldering.
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In dependence on the material from which the cell termi-
nals 108a and 1085 are formed, provision may be made for
one or more coatings particularly of a metallic material to be
arranged on the respective contact region 116, 118 of the cell
connector 112 and/or on the respective cell terminal 108a or
1085 for the purposes of facilitating the production of a sub-
stance-to-substance bond to the cell connector 112.

Furthermore, provision may be made for one or more (not
shown) intermediate elements to be arranged between the
respective contact region 116, 118 of the cell connector 112
on the one hand and the respectively associated cell terminal
108a and 1085 on the other for the purposes of facilitating the
production of a substance-to-substance bond between the cell
connector 112 and the cell terminals 108a, 1085.

In order to enable direct access to be made to the cell
terminals 108a and 1085 for e.g. measuring purposes even
after a substance-to-substance bond between the cell connec-
tor 112 and the cell terminals 1084 and 1085 has been estab-
lished, the first contact region 116 of the cell connector 112
can be provided with an e.g. substantially circular through
opening 120 and the second contact region 118 of the base
body 114 with an e.g. likewise substantially circular through
opening 122 (see FIG. 3).

In operation of the electro-chemical device 100, due to
differing temperatures and/or due to differing thermal coef-
ficients of expansion of the cell connectors 112 on the one
hand and the holder device for the electro-chemical cells 102
on the other, there might arise a difference between the lon-
gitudinal expansion of the cell connectors 112 on the one
hand and an alteration in the spacing between the longitudinal
axes 106 of the cell terminals 108a, 1085 connected to one
another by the cell connectors 112 on the other. The relative
positions of the cell terminals 108a, 1085 connected to one
another by a cell connector 112 in the connecting direction
110 which is perpendicular to the axial direction 104 of the
electro-chemical cells 102 are altered by a change of tempera-
ture.

The connecting direction 110 lies in a plane 123 which
contains the longitudinal axes 106 of the electro-chemical
cells 1024 and 1025.

Furthermore, due to differing longitudinal expansions of
the electro-chemical cells 102 connected to one another by a
cell connector 112, there may be a resultant alteration in the
relative positions between the mutually interconnected cell
terminals 108a, 1085 along the axial direction 104 of the
electro-chemical cells 102 that are connected to one another.

In order to enable compensation to be made for such dit-
ferences between a longitudinal expansion of the cell connec-
tor 112 on the one hand and a change in the spacing between
the longitudinal axes 106 of the cell terminals 108a, 1085 that
are connected to one another by the cell connector 112 on the
other and/or for such differences between a longitudinal
expansion of a first electro-chemical cell 1024 and a second
electro-chemical cell 1025 which are connected to one
another by the cell connector 112, provision may be made for
the cell connector 112 to comprise a resiliently and/or plas-
tically deformable compensation region 124 which is
arranged between the first contact region 116 and the second
contact region 118 of the cell connector 112 and which con-
nects the two contact regions 116 and 118 to one another.

Preferably, the base body 114 of the cell connector 112 is
provided with such a compensation region 124.

In the case of the embodiment of a cell connector 112
shown in the Figures, the deformable compensation region
124 has a wave-like structure, wherein the wave-like structure
comprises one or more e.g. four undulations having an ampli-
tude which is oriented in parallel with the axial direction 104
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of'the cells 102 that are to be connected by the cell connector
112 and which is substantially perpendicular to the contact
areas at which the cell connector 112 lies on the first cell
terminal 108a or on the second cell terminal 1085 in the
installed state. These undulations comprise a plurality of, e.g.
four, wave peaks 130 which run transversely, preferably sub-
stantially perpendicularly, to the axial direction 104 of the
electro-chemical cells 102 and transversely, preferably sub-
stantially perpendicularly, to a longitudinal direction 126 of
the cell connector 112 and substantially parallel to a trans-
verse direction 128 of the cell connector 112 which is oriented
perpendicularly with respect to the longitudinal direction 126
of'the cell connector 112 and perpendicularly with respect to
the axial direction 104 of the electro-chemical cells 102, and
a plurality of wave troughs which are arranged between the
wave peaks 130 and run transversely, preferably substantially
perpendicularly, to the axial direction 104 of the electro-
chemical cells 102 and transversely, preferably substantially
perpendicularly, to the longitudinal direction 126 of the cell
connector 112 and substantially parallel to the transverse
direction 128 of the cell connector 112.

The wave peaks 130 project upwardly in a contact direction
134 of the cell connector 112 which is perpendicular to the
contact areas of the cell connector 112 and which coincides
with the axial direction 104 of the electro-chemical cells 102
in the installed state of the cell connector 112, whilst the wave
troughs 132 project downwardly in the contact direction 134
(towards the cells 102 that are to be connected).

Due to the undulating structure of the deformable compen-
sation region 124 of the cell connector 112, the effect is
achieved that the compensation region 124 is readily deform-
able in resilient and/or plastic manner in such a way that the
second contact region 118 can be displaced relative to the first
contact region 116 in both the axial direction 104 of the
electro-chemical cells 102 and in the longitudinal direction
126 of the cell connector 112 in order to even out the previ-
ously described differences in the relative positions of the cell
terminals 1084 and 1085 that are to be connected to one
another by the cell connector 112. The occurrence of exces-
sive mechanical stresses at the junction points between the
cell connector 112 on the one hand and the first cell terminal
1084 and also the second cell terminal 1085 on the other can
thereby be prevented.

Furthermore, in order to enable the instantaneous operat-
ing temperature of the cell connector 112 (and thus the tem-
perature of the electro-chemical cells 102 that are connected
to one another by means of the cell connector 112) to be
determined as precisely as possible, the cell connector 112 is
provided with a temperature sensing element 136 which is
fixed to the base body 114 of the cell connector 112 in heat
conducting manner.

The temperature sensing element can, for example, be in
the form of an NTC element (“Negative Temperature Coef-
ficient”, NTC-thermistor), a PTC element (“Positive Tem-
perature Coefficient”, PTC-thermistor), a thermocouple, a
Peltier element or some other type of temperature measuring
element.

The temperature sensing element 136 is connected by one
or more electrical connection lines 138 to an evaluating cir-
cuit 140 of the electro-chemical device 100 which is shown
purely schematically as a block in FIG. 3.

A voltage for example can be applied to the temperature
sensing element 136 over the electrical connection lines 138
in order to measure a temperature-dependent electrical resis-
tance of the temperature sensing element 136.

As an alternative or in addition thereto, a temperature-
dependent electrical voltage produced by the temperature
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sensing element 136 can be conveyed to the evaluating circuit
140 by means of the electrical connection line 138.

In each case, the evaluating circuit 140 determines the
actual instantaneous temperature of the temperature sensing
element 136 on the basis of an electrical characteristic of the
temperature sensing element 136 which varies in tempera-
ture-dependent manner.

As can best be seen from FIGS. 2, 4 and 5, the temperature
sensing element 136 is accommodated in a temperature sens-
ing element holder 142 which surrounds the temperature
sensing element 136 in substantially ring-like manner and
thus ensures intimate contact with good heat transferring
properties between the temperature sensing element holder
142 and the temperature sensing element 136 and further-
more, the temperature sensing element 136 is prevented from
moving relative to the temperature sensing element holder
142 and relative to the base body 114 of the cell connector 112
in a radial direction of the temperature sensing element 136
due to it being a form-fit in the temperature sensing element
holder 142.

In the embodiment of a cell connector 112 that is shown in
FIGS. 1 to 5, the temperature sensing element holder 142
comprises a pocket 144 for accommodating the temperature
sensing element 136 and a flap 146 for restraining the tem-
perature sensing element 136 in the pocket 144.

Furthermore, the temperature sensing element holder 142
comprises a stop 148 which is in the form of an e.g. dome-
shaped bump 150 and which projects upwardly from abound-
ary region of the first contact region 116 (i.e. to the side
remote from the electro-chemical cells 102).

The flap 146 of the temperature sensing element holder 142
abuts the upper surface of the stop 148 so that the flap 146
cannot move downwardly any further and the temperature
sensing element 136 is protected from being damaged by the
flap 146 in this way.

The stop 148 is preferably formed in one piece manner with
the base body 114 of the cell connector 112.

The stop 148 can, for example, be formed from the material
of the first contact region 116 of the base body 114 by a
forming process, in particular by a stamping process or a
deep-drawing process.

In this embodiment, the flap 146 and the pocket 144 are
connected to each other in one piece manner by a web mem-
ber 152.

In the transverse direction 128 of the cell connector 112
which corresponds to the longitudinal direction 154 of the
temperature sensing element 136 in this embodiment, the web
member 152 is bounded on both sides by a recess 156 so that
the extent of the web member 152 in the transverse direction
128 of the cell connector 112 or in the longitudinal direction
154 of the temperature sensing element 136 is smaller than
the extent of the flap 146 and the extent of the pocket 144 in
the same direction.

The web member 152 is thus more easily deformable than
the flap 146 and the pocket 144.

The flap 146 is in the form of a substantially rectangular
plate for example.

The pocket 144 is substantially trough-shaped for example,
its cross section taken in the longitudinal direction 126 of the
cell connector 112 being substantially U-shaped.

The edge of the pocket 144 opposite the web member 152
merges into the first contact region 116 of the base body 114
along a bending line 157 so that the pocket 144 and thus too
the flap 146 are connected to the base body 114 in one piece
manner.

The space remaining within the temperature sensing ele-
ment holder 142 externally of the temperature sensing ele-
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ment 136 is occupied at least partially, and preferably sub-
stantially entirely, by an adhesive layer 158 which at least
partly surrounds the periphery of the temperature sensing
element 136 and forms a substance-to-substance bond with
the pocket 144 and/or with the flap 146 of the temperature
sensing element holder 142.

In the first place, due to the adhesive layer 158 and the
substance-to-substance bond produced thereby, the effect is
achieved that extracting the temperature sensing element 136
from the temperature sensing element holder 142 in the lon-
gitudinal direction 154 of the element is prevented.

Secondly, the adhesive layer 158 is effective to provide a
large heat transfer surface and a low thermal resistance
between the temperature sensing element holder 142 on the
one hand and the temperature sensing element 136 on the
other.

The adhesive layer 158 is formed from a thermally con-
ductive adhesive.

A thermally conductive adhesive may, for example, be a
two component epoxy resin, an elastomer, a conductive syn-
thetic material, or, any other material of an adhesive nature
and having good thermal conductivity can be used.

Inparticular, one suitable thermally conductive adhesive is
the medium viscosity, two-component epoxy resin adhesive
marketed under the name Hysol® 9497 by the company Hen-
kel AG & Co. KGaA, Henkelstrasse 67, 40191 Diisseldorf,
Germany. In regard to the chemical and physical properties
and the work steps for processing this adhesive, reference is
made to the technical data sheet for the adhesive Hysol® 9497
dated February 2008, and in this regard, the aforementioned
data sheet is hereby incorporated into the present description.

For the purposes of producing the temperature sensing
element holder 142 and fixing the temperature sensing ele-
ment 136 to the base body 114 of the cell connector 112, one
proceeds as follows.

Firstly, the base body 114 of the cell connector 112 includ-
ing a pre-form for the pocket 144 and the flap 146 is separated
out from a raw material such as a sheet-like raw material for
example, namely, punched out or cut out (for example by
means of a laser) for example.

The stop 148 and the compensation region 124 are intro-
duced into the base body 114 of the cell connector 112 by
suitable forming processes, in particular, by stamping or
deep-drawing processes.

Subsequently, the trough-shaped pocket 144 is produced
from the pocket pre-form by a forming process such as a
stamping or deep-drawing process for example.

The web member 152 and the flap 146 are initially located
in an extension of the free limb of the trough-shaped pocket
144 remote from the first contact region 116 so that the
temperature sensing element holder 142 is open in the upward
direction.

The conductive adhesive from which the adhesive layer
158 is subsequently formed is then placed in the trough-
shaped pocket 144.

The temperature sensing element 136 is then inserted into
the pocket 144.

Thereafter, the flap 146 is moved downwardly by deforma-
tion of the web member 152 from a position in which it is
oriented in parallel with the contact direction 134 of the cell
connector 112 into a position in which it is oriented perpen-
dicularly with respect to the contact direction 134 in order to
close the temperature sensing element holder 142 in the
upward direction, such movement continuing until the lower
surface of the flap 146 strikes the stop 148 whereupon further
movement of the flap 146 is prevented and the temperature
sensing element 136 is protected from damage.
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The process of fixing the temperature sensing element 136
to the base body 114 of the cell connector 112 comes to an end
after the adhesive used for forming the adhesive layer 158 has
hardened.

The previously described steps of the process for the pro-
duction of the base body 114 and the temperature sensing
element holder 142 as well as for the fixing of the temperature
sensing element 136 to the base body 114 could also be
effected in any other sequence. Furthermore, it is possible to
implement two or more of these process steps simultaneously.

A second embodiment of a cell connector 112 for connect-
ing a first cell terminal 108a of a first electro-chemical cell
1024 and a second cell terminal 1085 of a second electro-
chemical cell 1025 in an electrically conductive manner that
is shown in FIGS. 6 to 9 differs from the previously described
embodiment shown in FIGS. 1 to 5 in that the base body 114
of the cell connector 112 in the second embodiment is not in
the form of a single layer but rather, it comprises multiple
layers, and in particular, it comprises two layers.

In this embodiment, the base body 114 comprises in par-
ticular a first layer 160 which faces the cell terminals 108a,
1085 that are to be connected in the installed state of the cell
connector 112 and a second layer 162 which is arranged on
the side of the first layer 160 that is remote from the cell
terminals 1084 and 1085 in the installed state of the cell
connector 112.

The first layer 160 and the second layer 162 are substan-
tially mutually congruent except in the region of the tempera-
ture sensing element holder 142 which will be described in
more detail hereinafter.

The first layer 160 and the second layer 162 are preferably
laminated to one another in order to enable them to be handled
as a unit.

The lamination of the first layer 160 and the second layer
162 can, for example, be produced by welding and especially
laser-welding the first layer 160 and the second layer 162
together, in particular, along the peripheries thereof.

In the case of this embodiment of a cell connector 112 too,
provision is made for a temperature sensing element holder
142 in which the temperature sensing element 136 is accom-
modated.

In this embodiment, the temperature sensing element
holder 142 comprises a pocket 144 which is preferably con-
nected to the first layer 160 in one piece manner, and a flap
146 which is connected by a web member 164 to the second
layer 162 of the base body 114 in one piece manner.

The web member 164 is bounded laterally by two recesses
166 in the transverse direction 128 of the cell connector 112
so that the extent of the web member 164 in the transverse
direction 128 of the cell connector 112 is smaller than the
extent of the flap 146 in the same direction.

The effect is thereby achieved that the web member 164 is
more easily deformable than the flap 146 so that the tempera-
ture sensing element holder 142 can be closed in a particularly
easy manner by deforming the web member 164 when assem-
bling the cell connector 112.

Adjoining the web member 164 on the side opposite the
flap 146, there is a connecting section 168 which merges
along a bending line 170 into the second layer 162 of the base
body 114 of the cell connector 112 (see FIG. 7 in particular).

As can best be seen from the side view of FIG. 9, the lower
surface of the flap 146 abuts a free limb 170 of the pocket 144
which extends in the contact direction 134 of the cell connec-
tor 112 in the assembled state of the cell connector 112 so that,
in this embodiment, this free limb 170 of the pocket 144
serves as a stop 148 which limits the deformation path of the
flap 146 and thus prevents damage to the temperature sensing
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element 136 in the temperature sensing element holder 142
when closing the temperature sensing element holder 142.

In this embodiment, the pocket 144 is substantially trough-
shaped as was the case in the first embodiment.

The pocket 144 has a—taken in the longitudinal direction
126 of the cell connector 112—substantially U-shaped cross
section, whereby however, in this embodiment, the free limb
170 ofthe pocket 144 extends to a greater extent in the contact
direction 134 than the opposite limb 172 of the pocket 144 by
means of which the pocket 144 is connected in one piece
manner to the first contact region 116 of the first layer 160 of
the base body 114.

In the case of this embodiment too, the gap between the
temperature sensing element holder 142 which is formed by
the pocket 144 and the flap 146 on the one hand and the
periphery ofthe temperature sensing element 136 on the other
is at least partly filled up by an adhesive layer 158 consisting
of a thermally conductive adhesive.

For the purposes of producing the second embodiment of a
cell connector 112 having a temperature sensing element 136
affixed thereto, one proceeds as follows for example.

The first layer 160 and the second layer 162 of the base
body 114 are separated out from a suitable raw material, in
particular, from a metallic sheet of material by being e.g.
punched out or cut out (by means of a laser for example).

A pocket pre-form is produced on the first layer 160 by a
forming process, in particular, by a stamping or deep-drawing
process in such a way that the trough-shaped pocket 144 is
formed.

A flap pre-form is formed on the second layer 162 in such
a way that the substantially plate-like flap 146 extends
approximately in parallel with the contact direction 134 of the
cell connector 112 away from the main plane of the second
layer 162 (perpendicularly to the contact direction 134).

Thereafter, the first layer 160 and the second layer 162 are
placed together in such a way that their outer contours are
substantially flush with one another except in the region of the
temperature sensing element holder 142, and they are then
laminated to one another by welding along their periphery for
example.

Subsequently, the adhesive from which the adhesive layer
158 is to be formed is placed in the trough-shaped pocket 144.

The temperature sensing element 136 is then inserted into
the pocket 144 and the temperature sensing element holder
142 is closed in the upward direction by moving the flap 146
with corresponding deformation of the web member 164
from its starting position parallel to the contact direction 134
into the closed position illustrated in FIGS. 6 to 9, perpen-
dicular to the contact direction 134.

The impingement of the flap 146 on the free limb 170 of the
pocket 144 serving as a stop 148 prevents the temperature
sensing element 136 from being damaged when closing the
temperature sensing element holder 142.

After hardening of the adhesive layer 158, the process of
producing the cell connector 112 with the temperature sens-
ing element 136 affixed thereto has reached its conclusion.

In the case of the previously described production process
too, the sequence of the process steps is, in principle, quite
arbitrary.

Furthermore, it is possible to carry out two or more of these
process steps at the same time.

In this embodiment, the number of layers of the base body
114 is not limited to two; in particular, as many further layers
of'the base body 114 as desired can be arranged between the
first layer 160 and the second layer 162.

Furthermore, it is possible to arrange one or more addi-
tional layers of the base body 114 on the side of the first layer
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160 which faces the cell terminals 108a, 1085 in the installed
state of the cell connector 112 and/or on the side of the second
layer 162 remote from the cell terminals 108a, 1085 in the
installed state of the cell connector 112.

In all other respects, the second embodiment of a cell
connector 112 with a temperature sensing element 136 that is
shown in FIGS. 6 to 9 corresponds in regard to the construc-
tion, functioning and production thereof to the first embodi-
ment shown in FIGS. 1 to 5 and so to that extent, reference is
made to the preceding description thereof.

A third embodiment of a cell connector 112 having a tem-
perature sensing element 136 affixed thereto which is shown
in FIGS. 10 to 12 differs from the first embodiment shown in
FIGS. 1 to 5 in that the temperature sensing element holder
142 in the third embodiment is not formed in one piece
manner with the base body 114 of the cell connector 112, but
instead it is formed by a temperature sensing element housing
174 in which the temperature sensing element 136 is at least
partly arranged and which for its part is fixed to the base body
114 of the cell connector 112, preferably by means of a
substance-to-substance bond.

The temperature sensing element housing 174 is substan-
tially cuboidal for example and can comprise a bottom wall
176, an inner side wall 178 facing the base body, an outer side
wall 180 remote from the base body 114 and a cover wall 182
opposite the bottom wall 176.

On the remaining housing sides, i.e. to the front and to the
rear—as seen in the transverse direction 128 of the cell con-
nector 112, the temperature sensing element housing 174 is
preferably open.

The temperature sensing element housing 174 can, for
example, be formed from a strip of a raw material, a metallic
sheet material for example, by repeatedly bending it at bend-
ing lines 184.

In connection therewith, one edge 186 of the temperature
sensing element housing 174 does not form a bending line at
which mutually adjacent walls of the temperature sensing
element housing 174 are connected to one another in one
piece manner, but rather, it forms a common edge line along
which the free edges of two mutually adjacent walls of the
temperature sensing element housing 174 fit together.

This “open” edge 186 can, in principle, be arranged
between any two walls of the temperature sensing element
housing 174, for example, between the cover wall 182 and the
outer side wall 180.

Furthermore, the temperature sensing element housing 174
may comprise an extension 188 by means of which the tem-
perature sensing element housing 174 is fixable to the base
body 114 of the cell connector 112.

As can best be seen from FIG. 11, such an extension 188
may comprise a disk-like or ring-like section 190 which abuts
the base body 114 and a connecting section 194 which con-
nects the ring-like section 190 to the base body 192 of the
temperature sensing element housing 174.

In connection therewith, the base body 192 of the tempera-
ture sensing element housing 174 comprises the walls 176,
178,180 and 182 of the temperature sensing element housing
174 which surround the temperature sensing element 136.

The extension 188 can, in particular, be formed in one piece
manner with the base body 192 and in particular, with its
bottom wall 176.

In order to enable the extension 188 to be fixed to the base
body 114, the base body 114 has a projection 196 for
example, which protrudes from the first contact region 116 in
the longitudinal direction 126 of the cell connector 112 for
example.
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The projection 196 may have a semicircular section 198 for
example.

The extension 188 of the temperature sensing element
housing 174 is preferably connected to the projection 196 of
the base body 114 of the cell connector 112 by means of a
substance-to-substance bond.

This substance-to-substance bond can, for example, be
produced by welding, in particular laser welding, ultrasonic
welding, resistance welding and/or friction welding, by sol-
dering and/or by adhesion.

Due to the substance-to-substance bond between the tem-
perature sensing element housing 174 and the base body 114
of'the cell connector 112, good heat transfer with low thermal
resistance is obtained between the base body 114 on the one
hand and the temperature sensing element 136 accommo-
dated in the temperature sensing element housing 174 on the
other so that the temperature determined by the evaluating
circuit 140 by means of the temperature sensing element 136
corresponds as precisely as possible to the temperature in the
first contact region 116 of the cell connector 112.

As was the case for the first two embodiments, provision
may also be made in the third embodiment for the gap
between the temperature sensing element holder 142 which
here is in the form of the temperature sensing element housing
174 on the one hand and the periphery of the temperature
sensing element 136 on the other to be at least partly filled
with an adhesive layer 158 consisting of a thermally conduc-
tive adhesive. Good heat transfer between the base body 192
of the temperature sensing element housing 174 and the tem-
perature sensing element 136 is thereby obtained.

For the purposes of producing the third embodiment of a
cell connector 112 with the temperature sensing element 136
affixed thereto, one proceeds as follows.

The base body 114 is separated out with the desired outer
contour (including the projection 196) from a suitable raw
material such as a metallic sheet material for example, by
being punched out or cut out (in particular, by means of a
laser) for example.

A temperature sensing element housing pre-form, which
comprises the extension 188 and a strip for the subsequent
formation of the base body 192 of the temperature sensing
element housing 174, is separated out from a suitable raw
material.

The same materials as were mentioned hereinabove as
materials for the base body 114 of the cell connector 112
come into consideration for the material of the temperature
sensing element housing 174, thus in particular, the metals
aluminum, copper, tin, zinc, iron, gold and/or silver, alloys of
the aforementioned metals, other metals or alloys of other
metals, conductive synthetic materials and/or conductive car-
bon materials.

A preliminary trough-shaped holder, consisting of the bot-
tom wall 176, the inner side wall 178 and the outer side wall
180 for example, for the temperature sensing element 136 is
firstly formed on the temperature sensing element housing
pre-form by means of a suitable forming process, wherein this
preliminary holder is initially still open at the upper side
thereof, due for example to the fact that the cover wall 182 has
not yet been bent over, but still extends parallel to the inner
side wall 178 for example.

The adhesive, from which it is intended that the adhesive
layer 158 will be formed, is placed in this trough-shaped
holder.

Subsequently, the temperature sensing clement 136 is
inserted into the holder and the holder is closed by bending
the cover wall 182 so that the temperature sensing element
housing 174 which is shown in FIGS. 10to 12 thereby ensues.
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This temperature sensing element housing 174 is con-
nected at the extension 188 and in particular at the ring-like
section 190 thereof to the base body 114 and in particular to
the projection 196 thereof by means of a substance-to-sub-
stance bond.

This substance-to-substance bond can, for example, be
produced by welding, in particular, by laser welding, ultra-
sonic welding, resistance welding and/or friction welding, by
soldering and/or by adhesion.

The previously described process steps for the production
of'the cell connector 112 with a temperature sensing element
136 affixed thereto can, in principle, be varied as desired in
regard to the sequence thereof.

Furthermore, itis possible to carry out two or more of these
process steps at the same time.

In all other respects, the third embodiment of a cell con-
nector 112 with a temperature sensing element 136 that is
shown in FIGS. 10 to 12 corresponds in regard to the con-
struction, functioning and production thereof to the first
embodiment shown in FIGS. 1 to 5 and to the second embodi-
ment shown in FIGS. 6 to 9 and so to this extent reference is
made to the previous description thereof.

In particular, the base body 114 can, in principle, also be
formed of plurality of layers in the third embodiment of a cell
connector 112.

The invention claimed is:

1. A cell connector for connecting a first cell terminal of a
first electro-chemical cell and a second cell terminal of a
second electro-chemical cell of an electro-chemical device in
an electrically conductive manner,

wherein the cell connector comprises a base body consist-

ing of an electrically conductive material and a tempera-
ture sensing element fixed to the base body,

wherein the base body comprises a temperature sensing

element holder in which the temperature sensing ele-
ment is at least partly accommodated,

wherein the temperature sensing element holder comprises

a pocket for accommodating the temperature sensing
element and the temperature sensing element holder
further comprises a flap for restraining the temperature
sensing element in the pocket,

wherein the flap is connected to the pocket by a web mem-

ber, and

wherein the web member is bounded by at least one recess

so that an extent of the web member in a longitudinal
direction of the temperature sensing element is smaller
than the extent of the flap in the same direction and
smaller than the extent of the pocket in the same direc-
tion.

2. A cell connector in accordance with claim 1, wherein the
temperature sensing element holder surrounds the tempera-
ture sensing element over at least half of the periphery of the
temperature sensing element.

3. A cell connector in accordance with claim 1, wherein the
pocket and the flap are formed together in one piece manner.

4. A cell connector in accordance with claim 1, wherein the
pocket is formed in one piece manner with a first layer of the
base body and the flap is formed in one piece manner with a
second layer of the base body.
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5. A cell connector in accordance with claim 1, wherein the
temperature sensing element is fixed to the temperature sens-
ing element holder by adhesion by an adhesive.

6. A cell connector in accordance with claim 5, wherein the
adhesive has a thermal conductivity.

7. A cell connector in accordance with claim 1, wherein the
temperature sensing element is arranged at least partly in a
temperature sensing element housing which is fixed to the
base body of the cell connector.

8. A cell connector in accordance with claim 7, wherein the
base body of the cell connector comprises a projection to
which the temperature sensing element housing is fixed.

9. A cell connector in accordance with claim 7, wherein the
temperature sensing element housing is fixed to the base body
by means of a substance-to-substance bond.

10. A cell connector in accordance with claim 7, wherein
the largest extent of the temperature sensing element housing
is smaller than the largest extent of the base body of the cell
connector in a transverse direction of the cell connector which
runs perpendicularly to a plane which contains the longitudi-
nal axes of the two electro-chemical cells in the installed state
of the cell connector.

11. A cell connector in accordance with claim 1, wherein
the temperature sensing element is an NTC element, a PTC
element, a thermocouple or a Peltier element.

12. An electro-chemical device comprising at least a first
electro-chemical cell having a first cell terminal, a second
electro-chemical cell having a second cell terminal and a cell
connector which connects the first cell terminal of the first
electro-chemical cell and the second cell terminal of the sec-
ond electro-chemical cell of the electro-chemical device inan
electrically conductive manner,

wherein the cell connector comprises a base body consist-

ing of an electrically conductive material and a tempera-
ture sensing element fixed to the base body,

wherein the base body comprises a temperature sensing

element holder in which the temperature sensing ele-
ment is at least partly accommodated,

wherein the temperature sensing element holder comprises

a pocket for accommodating the temperature sensing
element and the temperature sensing element holder
further comprises a flap for restraining the temperature
sensing element in the pocket,

wherein the flap is connected to the pocket by a web mem-

ber, and

wherein the web member is bounded by at least one recess

so that an extent of the web member in a longitudinal
direction of the temperature sensing element is smaller
than the extent of the flap in the same direction and
smaller than the extent of the pocket in the same direc-
tion.

13. A cell connector in accordance with claim 1, wherein
the temperature sensing element holder comprises a stop
which is in the form of a bump and which projects upwardly
from a contact region of the base body and wherein the flap
abuts an upper surface of the stop.

#* #* #* #* #*



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 9,105,949 B2 Page 1 of 1
APPLICATION NO. : 13/739536

DATED : August 11, 2015

INVENTOR(S) : Diez et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

Title Page, item (30)
On Page 1, under the heading “Foreign Application Priority Data,” the last digit of the foreign

application number was omitted, it should appear as follows:

Foreign Application Priority Data
July 15,2010 DE) . ........... 102010 031 380.7

Signed and Sealed this
Fifteenth Day of March, 2016

Decbatle X Loa

Michelle K. Lee
Director of the United States Patent and Trademark Office



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. 19,105,949 B2 Page 1of1
APPLICATION NO. : 13/739536

DATED - August 11, 2015

INVENTOR(S) : Diez et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

Title Page, item (73),
On Page 1, the City and Country for the 2™ Assignee was omitted. Please add as follows:
Assignees: ElringKlinger AG, Dettingen (DE);

Bayerische Motoren Werke Aktiengesellschaft, Munich (DE)

Signed and Sealed this
Eleventh Day of October, 2016

Dhecbatle K Zea

Michelle K. Lee
Director of the United States Patent and Trademark Office



